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Abstract
We show that in the presence of sufficiently strong ντ annihilations
to majorons, primordial nucleosynthesis constraints can not rule out
any values of the ντ mass up the present laboratory limit.
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The tau-neutrino is the only one which can have mass in the MeV range.
Among all studied limits on mντ , the kinematical ones are the only model-
independent bounds. The last result from ALEPH [1] is
mντ < 23 MeV (1)
In addition to this, there are stronger bounds from cosmological considera-
tions. From the contribution of stable ντ to the present relic density one gets
mντ < 92Ωh
2 eV [2], where h = H0/(100 kms
−1Mpc−1). This means that
a massive ντ with mass in the MeV range must be unstable with lifetimes
smaller than the age of the Universe.
Moreover, if massive ντ ’s are stable during nucleosynthesis (ντ lifetime
longer than ∼ 100 sec), one can constrain their contribution to the total
energy density, using the observed amount of primordial helium. This bound
can be expressed through an effective number of massless neutrino species
Nν . Using Nν < 3.4 − 3.6, the ντ mass range
0.5 MeV < mντ < 35 MeV (2)
has been excluded [3, 4]. This forbids all ντ masses on the few MeV range.
However, such masses are theoretically viable [5], and interesting for a pos-
sible solution of the structure formation problem as described in [6].
It is possible to weaken the constraints on ντ masses of (2), by adding
new interactions of ντ beyond the standard ones. One may consider either
that the ντ ’s are unstable during nucleosynthesis [7] or that they possess
new channels of annihilation beyond the standard ones. The last case is
what we have considered.
We studied the effect of the presence of Majorana ντ annihilations to
majorons (J). The interaction term of the Lagrangian that describes the
coupling between neutrinos and majorons can be expressed [5] as LννJ ∼
}J νT ν, where g is a 3 × 3 matrix containing all possible couplings. In
particular for ντ the main processes are those described in figure (1). We
assume that the coupling constants g23 (non-diagonal) and g33 (diagonal)
are such that during nucleosynthesis time only annihilations are important.
In previous works only the decay processes were taken into account, though
in general g23 and g33 may be simultaneously important.
We consider the interactions of massive ντ ’s stable during the epoch just
before nucleosynthesis. The ντ ’s interact with leptons via the standard weak
interactions, ντ ν¯τ ↔ ν0ν¯0, e
+e−, as in [3, 4]. We assume that, in addition,
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Figure 1: Non-diagonal and diagonal couplings of Majorana tau neutrinos
and majorons.
the ντ ’s annihilate to majorons via the diagonal coupling
L ∼ }J νTτ σ∈ντ (3)
where g ≡ g33 and ντ represents a two-component Majorana spinor. The
corresponding elastic processes do not change the particle densities, but as
long as they are effective they maintain all species with the same tempera-
ture.
Even after the ντ ’s have decoupled from standard weak interactions, they
remain in contact with majorons. Therefore, as happens with photons and
neutrinos when the e+e− pairs annihilate, after the decoupling there are two
plasmas with different temperatures, one constituted of ντ ’s and J ’s and the
other of the rest of the particles.
The evolution of the number densities of tau neutrinos (nτ ) and majorons
(nJ) is given by the solution of a set of Boltzmann differential equations
n˙τ + 3Hnτ = −
∑
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where 〈σαv〉 is the thermally averaged cross section of the annihilation pro-
cess of ντ ’s to particle-type α [8], where α = e, ν0, J . In the above equations
we assumed Boltzmann statistics and ni = n
eq
i for i = e, ν0.
Now let us briefly describe the calculations. First we normalized the
number densities to the number density of massless neutrinos, n0 ≃ 0.18T
3.
We introduced rα ≡ nα/n0, where α = ντ , J , and the corresponding equilib-
rium functions reqα . On the other hand we performed the integrations using
the dimension-less variable x ≡ mντ/T . The set of equations (4) and (5) is
completed with the evolution of the ντ temperature, which is obtained from
one of Einstein’s equations
ρ˙ = −3H(ρ+ P ) . (6)
Here ρ and P are the energy density and pressure of tau neutrinos and
majorons, respectively.
We have integrated numerically the coupled differential equations in (4-
6), obtaining the solutions of rτ for each pair of values (mντ , g). The initial
conditions are, for sufficiently high temperatures, rτ = r
eq
τ , rJ = r
eq
J and
Tτ = TJ = Tν0 .
The value of rτ (mντ , g) is used to estimate the variation of total energy
density ρtot = ρR+ ρντ . In ρR all relativistic species are taken into account,
including majorons and two massless neutrinos, whereas ρντ is the energy
density of massive ντ ’s.
We can calculate now the effective number of massless neutrino species
(Nν) corresponding to each rτ (mντ , g). First we run a program which cal-
culates the evolution of the neutron fraction (rn), as presented e.g. in [9],
varying the value of Nν . Then we incorporate ρtot to the same program
and perform the integration for each pair of values (mντ , g). Comparing rn
obtained in each case at Tγ ≃ 0.065 MeV (the moment when practically all
neutrons are wound up in 4He), we can relate (mντ , g) and Nν .
The results are shown in figure (2). One can see that for a fixed Nmaxν , a
wide range of tau neutrino masses is allowed for large enough coupling con-
stants g. One sees that all masses below 23 MeV are allowed by nucleosyn-
thesis arguments, provided that the coupling between ντ ’s and J ’s exceeds
a value of a few times 10−4. Such values are reasonable for many majoron
models [5]. A more detailed study of this problem will be presented else-
where [10].
Our conclusion is that the constraints on the mass of a Majorana ντ
from primordial nucleosynthesis can be relaxed if annihilations ντ ν¯τ ↔ JJ
are present.
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Figure 2: Effective number of massless neutrinos equivalent to the contri-
bution of massive neutrinos with different values of g expressed in units of
10−5. For comparison, the dashed line corresponds to the case when g = 0
and no majorons are present.
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